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SUMMARY

.

This paper reports wind-tunnel tests giving the lift
coefficients of large-scale wing-nacelle combinations both
with and without the propeller.- !l!hetests were made to
tshow the effect of nacelles, and idling and stopped pro-
pellers on the landing speeds of tractor monoplanes. Four
types of nacelles with various cowlings were used in nu-
merous positions with respect to both a Clark Y and a thick
airfoil,

The effect of both the idling and stopped propeller
on lift, and consequently on landing speed, was ne@&gi-
ble.

A nacelle with exposed engine cylinders when placed
directly in front of an airfoil caused a slight reduction
in lift, consequently an increase in landing speed, over
the condition with. the wing alone. 17ith this exception
no a-ppreciable effect on landing speed was indicated for
any of the other combinations.

IN!TRODUOTIOII

Reports have been received recently that some of the
trimotored transports land at much higher speed than the
designers estimated. One explanation which has been ad-
vanced is that idling or stopped propellers have an aa-
verse effect on the lift of the wings. The interference
of uncowled engines has also been suggestea as a possible
eql~ation.

.

This paper presents certain results, extracted from
a recently com:leted. general research on wing, nacelle,
and ~ropeller interference, which show the effect on land-
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ing speed of idling ,and stopp.e.,d,propellers, hf the posi-
tion of the nacelle “wftli respect to the wing, and of the
type of cowling. Althoughthe landing speed is usually
considered a function of. the. lift coefficient only, in
practice the actuiil laridin~ spied is also dependent upon
such other factomsas contrgl, and stability which may be
affected by tli6 propeller and nacelle- In this paper
these other factors are neglected and only the effect of
the propeller and nacelle on landing speed as a function
of lift coefficient is considered. Results are given for
two monoplane wings of different thickness chord ratios-

/
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The tests were made i~,’the,propeller-research tunnel
----,

,of the I?ation.al Adv.iso.ry Goinmitteq for Aeronautics at
Langley Field, Va. .,+ :descripti,on of the ttpmel and its
regular facttlities ,for .,testin~.may b? foun.d,in ref.erenc.e.l~ ‘
Figure 1 shows the general arrangement of the apparatus.’ o
and reference 2 fully describes the method of mounting-
Figure, 2,:s.hews the a~rangement of the ,nacelle=airfofl po-

*

sitions, gives ,thoir.design.atf.ons:~:..and. the rel~tive s’i..zes.
of the two ‘airfoils”,’ A description of the dummy engine.,, *
and the method of driving the 4-foot propeller are given
in detail in reference 3 which describes the main series
of tests from which the data contained herein are taken~ —

,,,

!lh”ethinner airfoil, shown in Figures 1 to. , tnclu-

isive, is a stand~:d C~,ark Y section (thfckn~~s chord ratio
of 0~117) of aspect ratio 5 ,having a span .Gf..1..5feet 10 . -—:
inches and a chord of 3 feet 2 inches. All coefficiwits
for combinations with this airfoil were based on a wing
area of 50 square feet.

The thick airfoil (thickness#hord ratio of 0.200)
is shown in Figures 2, 10, 11, and 12P This airfoil sec-
tion aanroximates.,that of. the wing of the Yokker trimo-
tored ;;ansports at the same span loca,tion as the engine
nacelles$ Since the chord of a typical. trimotored air-
pl,ane wing is approximately 5 feet when scaled down in
t~e same proportion as the 4-foot propeller, thiq. airfoil
was therefore made with a chord of 5 feet. This chord,
together with the span of 15 feet, gives a wing area of
’75 square feet .which was used to compute all coefficients
for, combinations with this air.fm.i,l-,Although the aspect
,~atio of 3 is low the r.esul.tpqre, considered to be satis-
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factory for c,omparqt$~e .Pu~QQ59.s..f,or.the span is believed
to be large enoug+ to intil.udeall, the interftire+ce between
the airfoil, nacelle, ‘and “propeller and ‘is s%ill within
the i~ffectiye :.d,ieaeter of -the air stqe~ (20 fee%) .

,. ....... ... .
. . .
The ‘fou~ ;acelles are. 4s” ,follows:,,- &‘ stir6,amlined one

agd “three yith a dup-my woo”deh.”mddel of a J-5 :engine. 4/9..’. ... ,.scale, . . , ... .~ ..
--,f

~acelle No. 1 is stre~liried~ of cast aluminum, and
shown in. Fig?i:es Is 8S and ‘S . .

Nac,ell~e~NO: 2 is shown tti Figure 3 =d iS similar *O .
conventional types which leave slightly mdre than half of
the fin area of the ~cylinders exposed. .

“ Nacell”e No- 3’ is nacelle No* 2 with an ~~~AsCOA~ hoo”d
over the cylinders as shown in Figures 4 and 5.

Nacelle No, 4 is a coWletelY c~w~ed nacelle Qf the
NO AC C.A, type and shown in Figures 6 aad 7.

Theproyeller”. is’.a”,&foot, ~justiable-p.itch metal.
propeller geometrical.ly .s:w~ilar to the9-foot Navy pro-
peller No. 4412. :’It iS “de-si’.g~ate~No.. 4412 .-‘.4“ft,

.. .. ... .. .
.,.. ,’.

. .
.. ..

.’. ”. .,.. . .

.... ‘~~~~s’y”. . . .
,.

.,
~he general- investigation of-wing, ,fiaceIle, and pro-

peller interference showed the effect bn lift” coefficient
of the following fa,cto”rs: an idling propeller with pitch
settings of from 12 0 to 27° at 75 peb cent of the radius;
the effect of a propeller with pitch settings of 1’7° and
22° at 75 per cent radius stopped in %oth the horizontal
andvertical position; four nacelles in various positions
with respect to the Clark Y airfoil; and three” of the na-
celles in various positions with respect. io the thick
airfoilc

o

In the course of the’.general investigation, because
of the close” agreement of certain of- the data, it was found
possible ‘to eliminate a l~”rge”nurnber o“f“the combinations

.. that would have been required to f.nvestigate completely
the entire subject. As a result the data extracted for
this study of the effect of propeller and nacelle on land4
.ing speed are not exactly fiqrallel for.all’ Of the “various

,.
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combi~ations .ermployed,
—

although’”’tiaby”:“are believed to be
sufficiently so for. the purpo’se tititen~ed,” .-

..,.

T~sts of combinations in which the Clark Y airf il

iwas used were made at angles’ of attack of -5°, 0°, 5°S

1!
IO: and’#15°; and those” ih which the thick airfoil was,
sed were made at angles of attack of -5°, 00, ~50, ”yIoo,

and #L2°c Tests with the propeller operating at.various
values of V/nil were “m.ad~-with all of the combinations, .
and those with the propeller ~stopped with only” a few of
the combinations. Yorce,tests of the airfoils alone were
made at the above-mention,eid angles “of,,attAck to serve as
a basis of comparison in fitid”ingt~e “effects of the dif-
ferent nacellf3sc With each combitiation of wing, nacelle,
and propeller, tests were made with the propeller removed
to serve as.~ basis of comparison for propeller effect,

.-

—

I’m the @p6s6 “of d’is&ssion the ;_&,sults have been
—

separated to :shcmr,m~theeffect. on lift of’“the $ollowing
K-

‘ threG factors: .’.idlin~””propeller (Table I Mnti figs. 13 and
14), stopped propeller (!l!a%les11 and III and fig. 15), Y
and nacelles (Table IV and figs. 16 and 17) ● These re=
suits are presented in the form of the standard nondimen-
sional. coefficients CL, CT s and V/nD, .

. .

Tables”I;’_II~ and III give the chagge:in lift occa-
sioned by propeller conditions from that with propeller

.

removed. Table” IV gives tl@ chang@ in’”l$ft”occa#ioped by
the different nac~lles (with p~opeller removed) from that
of the airfoil alone~ By the pro~er

—
combination of the

re&ults .@.ven in Thbles 1, II; and 111’with those given in
Table IV, the change”in lift dub’ to any one variable (pro-
peller condition, nacelle, or nacelle position) or any
combination of them may be obtained.

All results are given for a dy~am~c pressure of 2~06
p.Ounds per square foot, corresponding to “apeindicated ve-
locity of 100 miles per hour~’’,~hq.’~ayb.l,ds,,~!umberer ,~or
the Clark Y combinatiotis .is’ap’proiimatqly 2;700,00.0, which
could be attained by Usiri’ga wing””having,,a ~hor’d.,of 7 feet
It inch6s:in ”com3ination w$”tha~J-?’’eng~ne an~ ,9-”footprO-

pellar “st 44,5 miles” per hour. T%4 ,Raynolds Number for
the’ t%ick-wing combinations is’approximately 4,300,000,
which could be attained by using a wing having a chord of

—
.-

.-
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11 feet 3 inches with the ,same,pngi.ne and propeller combi-
nation (J-5 engine and 9rifoot propeller) at the same speed
(44.5 m.p.h. )p ‘ .,.. -, .,,, . . “

Aspect ratio and tunnel-tiall corrections have not
been made as the results” ‘a%e i.ritended for .compar,ativ~ pur- ,
poses only. The result’s are believed. ~ >to *4 per
cent for.”the test point-s anil *2 per ceq’t for the faired .
curvss at the higher values’.of lift coefficient.. . ,...F,,,,. ..
,, ..,.

DISCUSSION

. .

The equation for lift

P
-. w=.-

“11
..

P,

s,

Q,
4

It is seen

*PV2 s

. .
,.

coefficient ~n”level flight is

r-217
Qls y’” —

c~Ps..
●

. .
ab”solute lt.ft c’~efficient

.:.
~eight of the airplane

mass density of the air .

wing area

speed,of airplane

that the landing speed varies inversely
as the square root of the lift coe~fiocietit, if all other
factors remain constantc Therefore, landing speed is.”not
very sensitive to “changes in lift, a 1.0 per cent drop in
lift b.oefficient causing about a 5 per cent increase in
landing speed, which would mesa a 2s5 mileper hour in- ‘
crease. at “50 miles per hour. An increase tn “landing spee~
from 50 to 60 miles per hour would necessitate “a decrease
of approximately 30 per cent in the lift coefficient.

The discussion is given for 15° angle of attack for
the Clark Y airfoil and 12 0 for %he thick airfoil. These
angles were sele”cted as being .mo’r’erepresentative of ac-
tual landing conditions than the ““ahgles of attack of max-
imum lift (18° and 15°, respectively) because it is ques-
tionable whether the average landing is made or can be
made at an angle as high as that for maximum lift.
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Effect o.f Idling Propeller ,
,,

The idling cnridition depends upon the pitch and rota-
tional speed of the propeller and the speed “of the air-
plane, Average IandZn.gs .ar.e.probably made with the pro-
peller operating be%ween ‘zero thrust and zero power so
long as the”&igine is running finder its owfi power. The
condition of-negative power (propeller aoting as a wfnd-
mill and supplying powe,r to ‘rotate the engine crankshaft)
is not considered in this paper.

An examination of the data. showed that there wag only
a small change in lift between zero effective thrust and
zero power. (figs. 13 and 14) and therefore tables are giv-
en for one condition pnly; namely, zero e:fective thrust,
The difference in’ lift as shown in Figures 13 and 14 was
the maximum eacount,ered. With the majority of the combi-
nations tested”’there was p.racticall~ ne difference in lift
between the two conditions. With ’*h6”-6xception of me
position (B-1-A) with the Clark Y airfoil the change in
lift due to the idling propeller would not affect the land-
ing speed over l~peti~cent for the51ark Y airfoil or 3
per cent for the thick airfoil. (See !l!ableI.) In the
majority of cases the effect would be to decrease the land-
ing speed. Position B-1-A will be considered again in
the discussion on ‘effect of nacelles.

Effect of Stopped Propeller

The effect of pitch and position of a stopped pro-
peller 5s small and is given in Table II and Figure 15 for
several nacelle positions and cowlings in combination with
the Clark Y airfoil. The maximu~ variation in landing
speed corresponding to the changes in lift found for these
conditions is froma%out 3 per cent. increase...to l+ Per”
cent decrease- Table 111 gives the change in lift coeffi-
cient for some additional. co~binations with the Cla~k Y
airfoil as well as for s~me with the thick one. Tables
1, 11, and 111 have approximately the same range of valties
and the effect of the stopped propeller is approximately
the same as that of an idling one. Although the stopped
propeller was not tested’with as many combinations as the
idling one, it Is believed that a sufficient number wore

I tested to show the maximum effect.

—
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Effect of’Nacelles

With the exceptions of positions B-l-A with the Clark
,X airfoil, and,nacglle No. 2 (exposed-cylinders) located
in line w~th an~.ahead of, the wing (position B) the change
in landing spee-d caused by adding a,nacelle t“o a wing. was
+@ per cent. .m~ less. fii~.h.:nacelleHo. 2 -h position~

..

t~e lift was ’redticed abgut 121 per cent with the Clark Y
and 16 per cent with t.he”thi~E airfoil, corresponding to ..
increases in landing speed of approximately ‘7 &d 9 per
cent, respectively

The results obtained at position 3-1-A with the Clark
Y airfoi~ are peculiarc T,a’@leIVshows that adding a na-
celle to the airfoil, reduces the lift to a marked degree
and by combining “the values tn Ta~les I and IV it may he
seen that if the propeller is idling the lift is brought
up to within about ‘7per cent of that of the airfoil alone,
Hence with aa idling propeller( actual landing condition)
in this position the landing speed would be only about 3~

eper cent higher than with the airfoil alone; whereas, wi h
the prope~ler remoyed the.landing speed might be 11 per
cent higher. Erratic test points for this position tit the
Qigh=.angles ~f attack leads. one to. suspect an unstable
air flow, This position is also an undesirable -location
for a nacelle from the standpoint ef interference drag,
(See reference 3.) :.

. ,.-.,
● ✎

Comparison with Other”T&sts

In some recent tests (reference 4) the Witfsh Aero-.
nautical Research Committee founds maximum increase of 5
Per cent in landing speed for a ~~sition with a nacelle
in line with the wing but with the ProPeller considerably ,.
closer to the wing than the closest position of these
tests. The propeller had app”roximately- 270 blade angle at
75 per cen~. r@ius and the ~atio. ?f propeller diameter to
wing chord was larger t’han in the tests described herelns
A1lowing for these differences in test.conditions, the re-
sults are in fair agreement-

.

.
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CONCLUSIONS
‘..

In so far as th6 landing speed of a tractor monoplane
is a fuhction of the lift it is not materially affected
ly either an.idling or stopped .propeller or by a nacelle
an-d wing in combination, except where a nacelle with.ex-
posed engine cylinders mounted directly ahead of the wing
is employed~ “In such a case an increase in landing speed
of ‘7 to 9 per cent is indicated.

. .
Langley Memorial Aeronautical La30r@tory,

National Advisory committee for. Aeronautics,
Langley Yield, Va.,April 7’, 1932.

,.
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l?rop.No. 4$12

(CL with Pro@ler operd~ng at Zero Effective Thrust Mtnua CL without Propeller)

-4 ft.- Set 17° at 0.75R

(+) increase, (-) Decrea8e i.n ~

1

2

3

a4

ChrkY airfoil, a =15”

w
J-

(b) 0.144

(-b) .043

(b) .124

?’T&(

B

0.033

.o12

.012

-.038

llle p[

c

0.C02

(b)

(b)

(b)

ition

A-l-B

(b)

0.008

●013

.Olz

A-2-B

0.D39

.019

.010

.Ce5

O-3-B

-0.005

(b)

(b)

(b)

a Tegted in all positions tith airfoil No. 2.
)

!Chick airfoil, a = 12° ~

(b) (b)

0.018 0.022

.023 -.002
.

.CR5 .0C5

lition

A-LB

(b)

0.W2

.011

(o)

d 177

A-2-B_.._
(b)

0.01’7

.CKIEI

lD
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TABLE 11

EFFECT OF POSITION AND PITCH OF A STOPPED PROPELLER
ON LIFT COEFFICIENT

Clark Y Airfoil ~ a = 350

(CL with Propeller Stopped Minus CL without Propeller)

(+) Increase, (-) Decrease in CL
.

-Nacelle

Noc

1

2

3

4

Nacelle
position

c-3-A

B

c

C-3-B

B

B

B

Set 1’7°

Stopped
hor.

--0.035

.

s038

.029

.03’7

.075

.037

.027

%t 00’751

Stopped
ver%b

-0.039

“

.013

●.016

.039

.005

.025

.037

Set 22° at 0.7’5 R

Stopped
horq

-0.034

●026

s042

.034

.054

.054

.035

Stopped.
vert.

-0.037

● 020

.033

.051

.030

,028

,036

.

*

.

.
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Nacelle

No..—

1

2

3

4

. .
L

... ,

TABLE III

Em’Eel?or SIOPPKC PRCmLLm ON LIm ComcIEm

Pro2. I?o. W12 - 4 ft. - Set 17° at 0.75 R - Stopped Vertically

(CL with Propeller Stopped

(+) Increase,

Minus ~ with propeller Removed)

(-) b~eaee in CL

Clark Y airfoil, a = 15°

C-3-A

-0.039

(b)

(b)

(b)

I-1-A

(b)

(b)

(l))

(b)

B

0.013

-.005

-.025

.037

a Set 22° at 0.’75 R.

acell.e

c

-0.016

(b)

(b)

(b)

c)s~t~o

A-l-B

(b)

(b)

(b)

(b)

A-2-B

-0.018

- .030

- .027

- .014

C-S-B

-0.039

(b)

(b)

(b)

Thick airfoil. a= 12°

1

B-1-A

(b)

(b)

(b)

L-O.QQ5

~elle position

(:)
-0.004

- .003

L_ .005

A-l-B

(b)

0.012

(b)

(c)

A-2+3 .

(b)

(b)

(b)

-00052

I

blTot tested.

c Erratic.
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——

?3acelle

~Q .

3

a4

c Erratic.

TABLEIV “

ZFEEm OF NACELLE COIITJ3TGAND POSITION W LIPT
C3ZFFICIEEI!WITH EKEEXER RMOVEI!

(CL of Combination Minus ~ of Airfoil Alone)
.

(+) Increa8e (-) Decrease in ~
(,.

Clark Y ai”rfoil, a = 15° ‘ “Thick airfoil, a = 12°

CL airfoil alone = 1.196 ~ airfoil alone. ~ 11,~~ ~
c1

Nacelle position Nacelle position

A-1-B A-2-B ]G3.B

L

C-3-A B-1-A B c B-1-A B A-1-B A-2-B ;

0.0G2 (b) -0.015 0.010 (b) -0.013 o.ct)8 (b) (b) (b) (b) 5

(b) -0.214 - .147 (b) -0.022 - .012 (b) -0.069 -0.163 -o*a22 -0.009 ~

(b) - .116 -.004 (b) -.0’72 - .OCn (b) - .OCG .019 - .006. - .014 ~

(b)
:

- .153 -.049 (b) “ .104 - .W (b) .,,.,JJ3 - .048 ~
e’ -,$L 0%9 :-.

a Te~ted in ~1 po~itions with ~rfoil NO* 2’ f,o??;. *
. 2
D Not tested.

.
!“
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N.A.C. A. Technical. Note No.420 Fige.lj3.

Fig.1 General arrangement of apparatus and method of mounting.

Fig.3 Photograph of model engine and propeller (Clark Y airfoil,
Nacelle No.2, position B).
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‘$- F-’’’’T--’’”-l1 +LA-~A B-&A C- A f
%
d

ClsrlcY airfoil I

‘of H( airfoils

k 601! --— =-l

l-l
.

~

+++ -3
AX--B B-3-B C-2-B

Crosses indicate p;sition of
# of propeller hub.

Fig.2 Diagrsn showing relative sizes of the two airfoils and propeller
used and designation of nacelle positions.
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~o. 4. Position B--A. - Ho. 4. Position B. Ho. 4. Position B-2-B. ~

Wwious wing-nacelle mmbinations mumted for tests. .
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a = 12°

Propeller No.4412,,

4 feet

l?ig.14 Effect. of propeller
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coefficient. (Thick airfoil,

nacelle l?o.4,position B). -.(
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1

%

1

—
I I I

—xx—l+xpel’ler removetl I I
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Fig.15 Effect of the lift coefficient of pitch and position
of a stopped propeller. (Clark Y airfoil,nacelleNo.2,

position).
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Fig.1’7 Effect of nacelles on lift coefficient. (Thick airfoil,
position B).


